In this article, a new application of fractional variational iteration method (FVIM) has been used for solution of nonlinear fractional reaction-diffusion with modified Riemann-Liouville derivative. A new application of FVIM was extended to derive analytical solutions in the form of a series for these equations. It is indicated that the solutions obtained by the FVIM are reliable and effective method for strongly nonlinear partial equations with modified Riemann-Liouville derivative.
INTRODUCTION
In recent years, considerable interest in fractional calculus used in many fields, such as electrical networks, control theory of dynamical systems, probability and statistics, electrochemistry of corrosion, chemical physics, optics, engineering, acoustics, material science and signal processing can be successfully modelled by linear or nonlinear fractional order differential equations (Oldham and Spanier, 1974; Podlubny, 1999a; Kilbas et al., 2006; Podlubny, 1999b; Caputo, 1967; Miller and Ross, 1993; Samko et al., 1993; . The nonlinear reaction-diffusion equations have found numerous applications in pattern formation in many branches of biology, chemistry and physics (Murray, 2003; Kuramoto, 2003; Wilhelmsson and Lazzaro, 2001; Hundsdorfer and Verwer, 2003) .
The variational iteration method (VIM), proposed by He (1999a) and He and Wu (2007) was successfully applied to autonomous ordinary and partial differential equations and other fields. He (1999a) was the first to apply the variational iteration method to fractional differential equations. In recent years, a new modified RiemannLiouville left derivative is suggested by Jumarie (1993 Jumarie ( , 2006 Jumarie ( , 2009a Jumarie ( , b, 2005 Merdan and Mohyud-Din, 2011 ). More recently, Momani (2007) used the Adomian decomposition method and HPM (Momani and Yildirim, 2010) for solving the nonlinear fractional convectiondiffusion equation. The nonlinear fractional convectiondiffusion equation is solved with the help of generalized differential transformation method (GDTM) (Odibat et al., 2007; Momani et al., 2008; Odibat and Momani, 2008) . Lately, a new application of GDTM has been used for solving time-fractional reaction-diffusion equations (Rida et al., 2010) .
In this paper, we extend the application of the VIM in order to derive analytical approximate solutions to nonlinear time fractional reaction-diffusion problem:
where M is the diffusion coefficient and ( ) h u is some reasonable nonlinear function of u which is chosen as reaction kinetics, α is a parameter describing the order of the time-fractional derivative. It is interesting to observe that for ( ) ( )
reduces to the time-fractional Fisher equation which was originally proposed by Fisher (1937) as a model for the spatial and temporal propagation of a virile gene in an infinite medium. It is skirmished in chemical kinetics (Malflict, 1992) , flame propagation (Frank, 1955) , auto catalytic chemical reaction (Aronson and Weinberg, 1988) , nuclear reactor theory (Canosa, 1969) , neurophysiology (Tuckwell, 1988) and branching Brownian motion process (Bramson, 1978 (Fitzhugh, 1961; Nagumo et al., 1962) , and also used in biology and the area of population genetics in circuit theory (Shih et al., 2005) . When 1 µ = − , the Fitzhugh-Nagumo equation
reduces to the real Newell-Whitehead equation. The aim of this paper is to extend the application of the variational iteration method to solve fractional nonlinear reaction-diffusion equations with modified RiemannLiouville derivative.
This paper is structured as follows: The study subsequently gives definitions related to the fractional calculus theory briefly, after which the solution procedure of the fractional variational iteration method was defined to show the efficiency of this method. This is followed by a presentation of the application of the fractional variational iteration method (FVIM) for the fractional nonlinear reaction-diffusion equations with modified Riemann-Liouville derivative and numerical results. Finally, conclusions are then given.
BASIC DEFINITIONS
Here, some basic definitions and properties of the fractional calculus theory which can be found in these studies (Oldham and Spanier, 1974; Podlubny, 1999a; Kilbas et al., 2006; Podlubny, 1999b; Caputo, 1967; Miller and Ross, 1993) are as follows. (Jumarie, 2009b) :
Definition 1
Fractional derivative is defined as the following limit form (Jang et al., 2001 ):
This definition is close to the standard definition of derivatives (calculus for beginners), and as a direct result, the α th derivative of a constant, 0 1 α < < , is zero.
Definition 2
The left-sided Riemann-Liouville fractional integral operator of order 0,
The properties of the operator J α can be found in (Oldham and Spanier, 1974; Miller and Ross, 1993; Luuchko and Groneflo, 1998) .
Definition 3
The modified Riemann-Liouville derivative (Jumarie, 2009a, b) is defined as:
where [ ] 0,1 , 1 and n 1.
In addition, we want to give as the following some properties of the fractional modified Riemann-Liouville derivative.
-Fractional Leibniz product law:
-Fractional Leibniz formulation:
-Fractional the integration of part:
Definition 4 Fractional derivative of compounded functions (Jumarie, 2009a, b ) is defined as:
Definition 5 The integral with respect to ( ) dx α (Jumarie, 2009a, b) is defined as the solution of the fractional differential equation:
Lemma 1 Let ( ) f x denote a continuous function (Jumarie, 2009a, b) , then the solution of the Equation 7 is defined as:
For example ( )
, one obtains:
Definition 6
Assume that the continuous function
has a fractional derivative of order kα , for any positive integer k and any α , 0 1 α < ≤ ; then the following equality holds, which is:
On making the substitution h x → and 0 x → , we obtain the fractional Mc-Laurin series:
FRACTIONAL VARIATIONAL ITERATION METHOD
To describe the solution procedure of the fractional variational iteration method, we consider the following fractional differential equation (Rida et al., 2010; Fisher, 1937 ):
According to the VIM, we can build a correct functional for Equation 16 as follows:
Using Equation 5, we obtain a new correction functional:
It is obvious that the sequential approximations (Faraz et al., 2010) . Consequently, the exact solution may be procured by using:
APPLICATIONS
Here, we present the solution of two examples of the reaction-diffusion equations as the applicability of FVIM.
Example 1
Let us consider the nonlinear time-fractional Fisher equation where 
Constructing the following functional,
we have:
Similarly, we can get the coefficients of n u δ to zero:
The generalized Lagrange multiplier can be identified by the aforementioned equations:
( ) 
Taking the initial value ( )
we can derive: Equation 20 is solved in using the generalized differential transform method (GDTM) (Rida et al., 2010) . FVIM solutions indicate that the present algorithm performs extreme efficiency, simplicity and reliability. The results obtained from FVIM are compatible with the GDTM. .
Construction the following functional,
similarly, we can get the coefficients of n u δ to zero:
The generalized Lagrange multiplier can be identified by the aforementioned equations,
Substituting Equation 36 into Equation 33 produces the iteration formulation as follows:
Taking the initial value 
As 1 α = , 
In a closed form, we see that: those obtained from the GDTM. Numerical comparison between GDTM (Rida et al., 2010) and FVIM are as shown in Tables 1 to 4 which indicate that FVIM is more promising. 
Conclusions
In this paper, we obtain the analytical solutions of nonlinear time-fractional reaction-diffusion equations of the Fisher type using He's variational iteration method. Variational iteration method known as very powerful and 
